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Study on Pure Bending Collapse of Square Tubes in Consideration of
Work-hardening Effect
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In this paper, the elastoplastic collapse of square tubes subjected to the statically pure bending
is studied by using the finite element method (FEM). It is found that there are three types of collapse
modes. The first type is a collapse mode due to buckling at the compression side. The second
type is a collapse mode due to flattening of the cross section. The third type is a collapse mode by
mixing the first type and the second one. Based on these facts, approximate numerical methods to
estimate the maximum moment of these collapse modes are proposed, and their validity are verified
by comparing with numerical results of FEM.
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Fig. 1 Analyzed model of square tube subjected to
pure bending
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Fig. 3 Relation of t=c1 and Mmax by present FE
analysis, Kecman’s theory(3) and proposal
methods
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Fig. 5 Deformed shapes of three types of elastoplastic
square tubes with c1 = 50mm?σY=E = 1/1000:
(a) t = 1.5mm?Eh=E = 1=100; (b) t = 1.5mm?
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Fig. 6 Relations of κ and M; σ for the square tube
(data after Fig.5(a))
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Fig. 7 Deformed shapes and cross-sections of the
square tube shown in Fig.5(a)
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Fig. 8 Axial stress distribution at the collapse cross-
section of the square tube shown in Fig.5(a)
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Fig. 9 Axial stress distribution of proposal method for
the buckling collapse mode
???? 4?????????????? (Eh = 0)
????????????????????????
6?8?????????????????????
? 5(a)?????????????????????
????????????????????Buckling
?????
3¢3 ??????????? ? 10?????
???????????? 5(c)??????????
?? κ ??????M?????????? κ ??
????????? B??????? C?????
???? σx???????????????? 10?
??????????????????????? 11
????????????????????????
????????????????????????
????????????????????????
????????????A-A??????????
??????????????????B?????
4
0 2 4 60
400
800
1200
50
100
150
κ  [m−1]
M
  [
Nm
]
σ Y / E = 1/1000
L = 600 mm
Eh/E = 1/100
t = 3 mm
c1 = 50 mm
1
2
3
σ
  [
M
Pa
]
Moment
σ x (Point B)
σ x (Point C)
σ buc|Axi
Fig. 10 Relations of κ and M;σ for the square tube
(data after Fig.5(c))
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Fig. 11 Deformed shapes and cross-sections of the
square tube shown in Fig.5(c)
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Fig. 12 Axial stress distribution at the collapse cross-
section of the square tube shown in Fig.5(c)
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Fig. 13 Comparison of axial strain distribution between
present FE analysis and Eq.(10)
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Fig. 14 Comparison of cross-sectional shape between
present FE analysis and approximation by arcs
0 2 4 60
0.2
0.4
κ c1
2/t
1 
− 
a
1/c
1
t =1.3 mm
σY/Ε = 1/1000Eh/E = 1/20
t =1.5 mm
t =1.7 mm
t =2.0 mm
t =3.0 mm
Eq.(11)
Flattening
t =5.0 mm
t =3.0 mm
σY/Ε = 1/1000Eh/E = 1/20
σY/Ε = 1/1000Eh/E = 1/100
σY/Ε = 3/1000Eh/E = 1/100
σY/Ε = 1/1000
Eh/E = 1/20
Mix ( )
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Fig. 16 Relation of κ and M obtained by Eq.(13)
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Fig. 17 Relations of κ and M;σ for the square tube
(data after Fig.5(b))
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Fig. 18 Deformed shapes and cross-sections of the
square tube shown in Fig.5(b)
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Fig. 19 Relation of Ux and σ for same square tubes with
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Fig. 20 Axial stress distribution at the collapse cross-
section of the square tube shown in Fig.5(b)
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